Introduction {#S0001}
============

Ageing is one of the major risks for atherosclerosis. Aging is accompanied by an increase in oxidative damage due to an impaired physiological function.[@CIT0001] On the other hand, the aging process -- both at the cellular and tissue levels -- increases the risk of diseases and death, which could be related to the improper lipid metabolism, oxidative stress, protein glycation, accumulation of DNA damage, and failure of protein repair.[@CIT0002]--[@CIT0005]

The identification of high-risk cardiovascular disease (CVD) patients should be performed using risk score charts.[@CIT0006]--[@CIT0008] Increased low-density lipoprotein-cholesterol (LDL-C) and reduced high-density lipoprotein-cholesterol (HDL-C) levels in plasma are well-known risk factors for CVD.[@CIT0009] Hyperlipidemia is included in all scales mentioned above. What is more, it increases the CVD risk fiercely.[@CIT0010] Previous studies have indicated the benefit from lipid lowering, in almost every analysis and for almost every outcome.[@CIT0011],[@CIT0012] In the elderly population, hypercholesterolemia may be the only major CVD risk factor[@CIT0013],[@CIT0014] or one out of several major risk factors.[@CIT0015],[@CIT0016] Lipids tend to change while we age, altering the risk of CVD.[@CIT0017],[@CIT0018] Moreover, dyslipidemia increases the production of reactive oxygen species and consequently is a major stimulus for DNA damage. Genomic instability can directly affect vascular function by causing cell cycle arrest, apoptosis, and senescence and can play a role in the development and progression of atherosclerosis.[@CIT0019] Additionally, prolonged exposure to excess production of reactive oxygen species raises the oxidation of lipid products, which in turn leads to endothelium dysfunction, cardiovascular problems, and other chronic diseases related to aging.[@CIT0020],[@CIT0021] Oxidative stress is characterized by deregulation between oxidant and antioxidant balance in which many enzymatic and nonenzymatic factors are involved.[@CIT0022],[@CIT0023] Protein glycation depends on the duration of hyperglycemia, advanced aging, and metabolic diseases.[@CIT0024][@CIT0024] A high amount of glucose, regardless of its source, is toxic at the molecular, cellular, and tissue levels. Nonenzymatic glycation of proteins leads through Schiff base to Amadori products such as glycated albumin (fructosamine) or glycated hemoglobin (HbA~1c~). The amount of glycated proteins (fructosamine and HbA~1c~) depends on the time-averaged glucose concentration. Thus, fructosamine and HbA~1c~ reflect the extent of exposure to glucose in the 2--4 and 8--12 weeks before testing, respectively.[@CIT0025],[@CIT0026] The routes for hyperglycemia vary and involve numerous pathways such as protein glycation and formation of advanced glycation end products, the polyol pathway, as well as glucose autoxidation. Glucose control also plays an important role in the prooxidant/antioxidant balance and may increase the risk for atherosclerosis. The selected mechanisms are summarized in [Figure 1](#F0001){ref-type="fig"}.Figure 1Mechanism of lipid peroxidation and protein glycation.**Abbreviations:** HbA~1c~, glycated hemoglobin; TBARS, thiobarbituric acid-reacting substances.

The comparison of oxidative stress parameters between middle-aged and older subjects revealed a progressive and slow decline of antioxidant status in healthy free-living elderly people.[@CIT0027] Therefore, as seen above, the proper balance in the prooxidant--antioxidant compounds can contribute to successful aging, free of cardiac problems. The oxidative stress theory of aging states that oxidative damage is associated with age-related disease and may determine successful aging.[@CIT0028]

Furthermore, recent studies have shown that oxidative stress and glycation have a significant impact on the development of metabolic complications.[@CIT0029],[@CIT0030] There is evidence which indicates that oxidative stress and protein glycation may join and explain metabolic complications throughout the life span.[@CIT0031],[@CIT0032]

Thus, this study analyzed the relationship between plasma lipids, oxidant--antioxidant status, and glycated proteins in individuals at risk for atherosclerosis due to their age.

Methods {#S0002}
=======

The aim of the study was to evaluate and compare concentrations of plasma lipids, peroxidation products, and total antioxidant status as well as glycated proteins in healthy, nondiabetic persons due to their age (middle-aged and elderly).

The study was performed in accordance with the Declaration of Helsinki of 1975 for Human Research revised in 2008, and the study protocol was approved by the Bioethics Committee of Medical University of Silesia in Katowice (statement numbers KNW/0022/KB1/38/IV/16/17/18) and Poznan University of Medical Sciences in Poznan; Poland (statement number 595/11).

All participants gave informed, signed consent to participate in the study.

Subjects and settings {#S0002-S2001}
---------------------

Nonsmoking, drug-naive white Europids, using no special diet, no supplements, and no alcohol, without acute or chronic disease, were invited to participate in the study. Elderly (65 years old or more, according to the World Health Organization (WHO) statement) (E) persons (n=42, mean age 72±6 years) and middle-aged (n=35, mean age 48±10 years) (MA) persons from the western region of Poland were assessed.

The exclusion criteria were the presence of the following conditions: coronary artery disease (accompanied by current steady-state electrocardiography), positive history of stroke, diabetes, cancer, inflammatory disease, liver cirrhosis, and kidney failure. Moreover, those who previously used drugs with antioxidant capacity were excluded (including vitamins and supplements).

A thorough physical examination, including measurement of systolic and diastolic arterial blood pressure and calculation of the body mass index (BMI), was performed. Arterial blood pressure was measured by validated sphygmomanometer (M10-IT model; Omron Health Care, Kyoto, Japan), following the recommendations of the European Society of Hypertension. The average of three measurements was used to characterize subjects.[@CIT0033] The BMI was derived from the height and weight measurements.

Cardiovascular risk score {#S0002-S2002}
-------------------------

To evaluate the 10-year risk of cardiovascular and coronary heart disease, the Pol-SCORE risk chart was used.[@CIT0034]

Blood sampling and biochemical analysis {#S0002-S2003}
---------------------------------------

Blood was collected by ulnar vein puncture. All studied persons qualified for an oral glucose tolerance test (OGTT) according to WHO recommendation.[@CIT0035] The newly diagnosed type 2 diabetes patients were excluded.

Glucose and lipid assays {#S0002-S2004}
------------------------

Concentrations of glucose at 0 min and 120 min of the 75-g OGTT, and fasting plasma lipids (total cholesterol (T-C), HDL-C, LDL-C, and triacylglycerols (TAG)), were measured using enzymatic methods (bioMerieux, Marcy I'Etoile, France) and the UV-160A Shimadzu spectrophotometer (Shimadzu Corporation, Kyoto, Japan). Low-density lipoprotein was calculated using the Friedewald formula: \[LDL-C\] = \[T-C\] − \[HDL-C\] − \[0.45·TAG\], if TAG \<4.56 mmol·L^−1^.

Glycated protein assays {#S0002-S2005}
-----------------------

Parameters were assessed in fasting blood samples.

Fructosamine assay. Glycated albumin (fructosamine) was measured using a colorimetric method based on the ability of ketoamines to reduce nitrotetrazolium-blue to formazan in an alkaline solution. The rate of formation of formazan is directly proportional to the concentration of fructosamine. The measurement was done on a Cobas 400 analyzer (Roche Diagnostics, Mannheim, Germany). The sensitivity of this assay was 0.14 μmol/L with an intra-assay coefficient of variation (CV) and inter-assay CV of 2.80% and 0.65%, respectively.

HbA~1c~ assay. Glycated hemoglobin (HbA1c) was measured by ion-exchange high-performance liquid chromatography in a D-10 system (BioRad Laboratories Inc., Hercules, CA, USA) using a specific standardized measurement set established through the National Glycohemoglobin Standardization Program. The sensitivity of this assay was 0.05% with an intra-assay CV and inter-assay CV of 2.35% and 2.66%, respectively.

Oxidative stress markers {#S0002-S2006}
------------------------

Oxidant--antioxidant balance was estimated in fasting blood samples.

Total antioxidant status (TAS). The concentration of plasma TAS was assessed in all serum samples by a colorimetric assay based on the decrease of the optical density of the blank produced by each sample in analogy to its antioxidant property, using a Randox reagent kit (Randox Laboratories Ltd., Crumlin, UK) and a STATFAX^TM^ 1904 Plus spectrophotometer (Awareness Technology, Inc., Palm City, FL, USA). Optical density was read at 600 nm. The intra-assay CV and inter-assay CV for plasma TAS concentrations was 2.50% and 4.80%, respectively.

Thiobarbituric acid-reacting substances (TBARS). The concentration of plasma TBARS, reflecting plasma lipid peroxidation products, was determined by Okhawa et al\'s method[@CIT0036] using Sigma-Aldrich reagents (Sigma-Aldrich Co., Saint Louis, MO, USA) and a Specord M40 spectrometer (Carl Zeiss Meditec AG, Jena, Germany). The intra-assay CV and inter-assay CV for TBARS was 2.80% and 4.70%, respectively.

Statistical analysis {#S0002-S2007}
--------------------

Statistica (version 13.0) for Windows was used for statistical analysis. The normality of value distribution was checked by the Shapiro--Wilk test. Then, the results with a Gaussian distribution were analyzed with Student's *t*-test, and those with a non-Gaussian distribution were verified by a nonparametric Mann--Whitney *U*-test to assess the differences between the studied age groups. The Spearman rank correlation test was used to evaluate the strength of association between two variables. The multiple regression analysis between oxidative stress markers and biochemical parameters was performed in the whole study population as well as in the MA and E groups (LDL-C was not included as a derivative of analyzed variables). p\<0.05 or lower was considered statistically significant. The obtained data are presented as the mean±SD for Gaussian distribution and the median with interquartile range for non-Gaussian distribution.

Results {#S0003}
=======

The clinical and laboratory data of the studied groups are shown in [Table 1](#T0001){ref-type="table"}. There were no gender differences in the MA and E populations, except higher HDL-C observed in MA females (p=0.0437). Therefore, males and females were investigated in both groups together. No significant differences in BMI, blood pressure, and glucose concentration were noted among the investigated age groups. The Pol-SCORE risk was higher in the E group but not statistically significant. Lipid profiles (T-C, HDL-C, LDL-C, and TAG) were significantly profitable, increased HDL-C especially (p\<0.0001), in the otherwise healthy E group versus the healthy MA group. Concerning oxidant--antioxidant status, decreased TAS was found in the E versus MA group (p=0.00002) and decreased TBARS was found in the E versus MA group (p=0.0001). Concerning glycated proteins, glycated hemoglobin levels did not differ between the investigated groups. The only thing noticed, however, was the increased fructosamine concentration in the E versus MA group (p=0.006).Table 1Characteristics of the studied groupsMA group (n=35)E group (n=42)Significant differenceMales/females \[n\]18/1722/20Age \[years\]49.0 (39.0--58.0)70.0 (67.0--74.0)By the definitionPol-SCORE \[%\]6 (1--10)8 (3--12)NSBMI \[kg/m^2^\]27.5 (26.0--30.0)27.8 (25.2--31.2)NSWaist \[cm\]86.0 (80.0--98.0)92.5 (86.0−100.0)NSWaist -- males \[cm\]90.5 (85.0--98.0)92.0 (83.0−95.0)NSWaist -- females \[cm\]87.0±10.793.5 (86.5--106.0)NSSBP \[mmHg\]136.0 (120.0--147.0)140.0 (130.0−145.0)NSDBP \[mmHg\]84.2±10.581.8±9.8NSG0ʹ \[mmol/L\]5.1 (4.4--6.1)5.8 (5.4--6.4)*p*\<0.003G120ʹ \[mmol/L\]6.3 (4.4--7.8)7.0 (5.6--7.4)NSHbA~1c~ \[%\]6.0±0.56.0±0.4NSFA \[μmol/L\]239.97±34.28250.0 (237.0--277.0)p\<0.03T-C \[mmol/L\]6.0±1.35.2±0.7p=0.01TAG \[mmol/L\]1.3 (1.0--1.9)1.1 (0.8--1.6)p=0.02HDL-C \[mmol/L\]1.1 (1.0--1.3)1.6 (1,3--1.8)p\<0.0001HDL-C -- Male \[mmol/L\]1.03 (0.96--1.16)1.66 (1.41--1.77)p\<0.0001HDL-C -- Female \[mmol/L\]1.31±0.401.57 (1.23--1.90)p=0.028LDL-C \[mmol/L\]4.0±1.43.0±0.7p=0.0003TBARS \[μmol/L\]7.5 (2.4--10.3)2.0 (1.0--5.3)p=0.0002TAS \[mmol/L\]1.6 (1.4--1.8)1.3 (1.2--1.5)p=0.001[^1][^2]

Also, correlation analysis regarding lipids, oxidative stress markers, and glycated proteins in the whole studied healthy population was performed. In the case of all healthy participants of the study (both middle-aged and elderly, MA+E), TBARS correlated positively with T-C (R=0.4205; p\<0.05) and TAG (R=0.3466; p\<0.05), and negatively with fructosamine (R=−0.4433; p\<0.05) and HDL-C (R=−0.5178; p\<0.05); TAS correlated negatively with fasting glucose (R=−0.3261; p\<0.05) and HDL-C (R=−0.3085; p\<0.05). In the MA group, TBARS correlated positively with T-C (R=0.5484; p\<0.05) and TAG (R=0.4724; p\<0.05), and negatively with HDL-C (R=−0.4205; p\<0.05). In the E group, TBARS correlated positively with glucose at 120 min during the OGTT (R=0.3328; p\<0.05) and HbA~1c~ (R=0.4922; p\<0.05), and negatively with fructosamine (R=−0.4859; p\<0.05).

The multiple regression analysis showed, in the whole investigated healthy population, that TBARS correlated with T-C (β=0.34) and HDL-C (β=--0.38), independently of other factors (R=0.63; R^2^=0.40; p\<0.00001). Yet the MA group multiple regression analysis clearly revealed that TBARS correlated with T-C (β=0.42) and HDL-C (β=−0.50), independently of other factors (R=0.71; R^2^=0.51; p\<0.00001). In the E group, multiple regression analysis showed that TBARS correlated with HbA~1~c (β=0.42) and fructosamine (β=−0.52), independently of other factors (R=0.74; R^2^=0.55; p\<0.00001).

Discussion {#S0004}
==========

To begin with, it would be of worth to note that the exploration of the usefulness of various simple markers with respect to the identification of participants at risk for atherosclerosis is urgently needed. Of great significance is the fact that the suggested variables can be measured in any metabolic clinic and do not require a large financial outlay. Furthermore, in the discussion on cardiovascular risk factors, the lipid profile is said to play a pivotal role. Interestingly, in the performed study we observed that the elderly group had lower T-C, LDL-C, and TAG in comparison with the middle-aged population. That can, however, be explained by an age-related reduction in the cholesterol absorption, synthesis, and low-density lipoprotein apo-B transport and is additionally in agreement with cross-sectional and longitudinal studies.[@CIT0037],[@CIT0038][@CIT0038][@CIT0038]

On the other hand, only healthy elderly individuals, with no history of CVD, were included in the study. The study population consisted of elderly individuals who had no history of CVD and healthy middle-aged people likely to develop the disease later. However, a lower T-C concentration indicates frailty and can predict functional decline while we age.[@CIT0039] Frailty and functional decline may be not only due to aging itself but could be associated with increased oxidative stress and decreased antioxidant defense.[@CIT0040] A combination of higher levels of oxidative stress as well as imbalance in the antioxidant defense system are likely to be involved in pathophysiological processes during aging.[@CIT0041]

The much greater absolute risk in elderly people means that they need more complex and holistic care. In 2011, the American Heart Association made the concept of "ideal cardiovascular health", which means that the prevention of CVD should focus not only on the control of traditional CVD risk factors.[@CIT0042] The present analyses provide support for the use of nontraditional CVD risk factors such as oxidant--antioxidant stress markers as well as glycated proteins. In the present study, TAS was lower in the investigated elderly group in comparison with the middle-aged group, indicating lower antioxidant properties. However, TBARS in the elderly investigated population also decreased. This may be due to a relatively high concentration of HDL-C and thus lower oxidative stress. In our previous study, elderly persons with high HDL-C had lower TBARS concentration and better antioxidant defense.[@CIT0043] On the other hand, in the work by Rogulj et al[@CIT0044] the older subjects with early type 2 diabetes mellitus had greater oxidative DNA damage, but none of the plasma oxidative stress and inflammation markers were different either between the middle-aged metabolic syndrome patients and the younger type 2 diabetes mellitus patients or between the two age groups. However, we must have in mind that in present study, in comparison with Rogulj et al\'s work, we investigated only healthy subjects without type 2 diabetes mellitus. Yet with age we may observe changes in body composition.[@CIT0045] Interestingly, our investigated age groups had comparable metabolic components such as BMI, waist circumference, and blood pressure.

The effects of oxidative stress on lipids are mainly expressed by the induction of lipid peroxidation. In the study by Block et al[@CIT0046] there were no apparent relationships of age and malondialdehyde (MDA), reflecting lipid peroxidation products. Yet Moreto et al[@CIT0047] found higher MDA concentration in middle-aged persons with higher values of waist circumference, fasting blood glucose, and TAG. In the present study, lower TBARS in the elderly group may be due to better TAG and HDL-C. The work by Hadij Ahmed et al[@CIT0048]showed significantly higher levels of MDA in middle-aged patients with coronary artery disease than in controls; moreover, they found a significant positive correlation between MDA and levels of some trans fatty acids in those patients.The present study showed different TBARS in the investigated age groups and TBARS negatively correlated with HLD-C only in middle-aged persons independently of other metabolic factors. In middle-aged humans, the linear changes of plasma HDL-C support the suggestion about high-density lipoprotein function and counteract TBARS production by 51%. Moreover, the study further revealed that the comparison of lipid profile in healthy elderly versus middle-aged persons was worse in the latter. It also indicates that successful aging may be caused by well-balanced lipid profiles and this is in agreement with Cherubini et al\'s research,[@CIT0049] which proved higher lipid oxidation in octogenarians with carotid atherosclerosis than in those with successful vascular aging. On the other hand, we should remember the study by Augusti et al[@CIT0050].

The concentration of glycated proteins tends to increase through the life span and the process is independent of glucose concentration. The average rate of HbA~1c~ increase ranges from 0.05 to 0.1% (0.55--1.09 mmol/mol) per decade.[@CIT0051] We did not notice differences in HbA~1c~ level between the investigated age groups, although HbA~1c~ correlated with oxidative stress markers in the elderly group. The correlations are in accordance with the scientific literature supporting the hypothesis that lower antioxidant defense is due to pathophysiological processes during aging or hyperglycemia.[@CIT0041],[@CIT0052]

The AMORIS cohort study demonstrated that fructosamine is a strong predictor for myocardial infarction independently of hyperglycemia.[@CIT0053] The present study showed higher fructosamine concentration in elderly nondiabetics in comparison with the middle-aged nondiabetic group. Moreover, in the elderly population the multiple regression analysis showed negative correlation between fructosamine and TBARS independently, what suggests that oxidative stress in 55% of people accompanies glycation processes and may indicate that the elderly persons are at higher cardiovascular risk not only because of age. Besides, Mazidi et al[@CIT0054] suggest that diet may play an important role in chronic disease occurrence. However, we did not investigate the role of diet in the study although the investigated groups had a comparable diet style.

Limitations of the study {#S0005}
========================

All in all, it can be clearly stated that the results of the present study have some limitations and should be interpreted with caution. The fact that a number of persons at atherosclerosis risk (both middle-aged and elderly) were on antioxidant medications and excluded from our study led to a relatively small sample size, and should therefore be considered a potential limit of this study. However, although the sample size gathered is larger than most sample sizes previously reported, it is still relatively small and may restrict the power to detect associations with statistical analyses. Thus, the inclusion of a greater number of subjects is warranted to improve the power of future studies. In addition, we only calculated risk for atherosclerosis or coronary artery diseases; therefore, the serum measurement of oxidant--antioxidant markers and glycated proteins does not necessarily reflect the influence of its balance in former diseased patients.

Conclusions {#S0006}
===========

It would be worth mentioning that the factors which impact oxidant--antioxidant status are not only essential in understanding the pathomechanisms of senescence but also in the development of chronic diseases. Furthermore, lipid metabolism and oxidant--antioxidant balance are largely conditioned by a number of factors when we age. Healthy aging, however, may be maintained throughout proper lipid control. Moreover, data support the premise that lipid metabolism and oxidative stress may play an important role in the initial phases of glycation plasma proteins particularly among healthy elderly persons.
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[^1]: **Note:** Data are presented as mean±SD or median with interquartile range (lower--upper), for parametric and nonparametric distribution of variables, respectively.

[^2]: **Abbreviations:** MA, middle-aged; E, elderly; NS, not significant; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; G0ʹ, fasting glucose; G120ʹ, glucose at 120 min during the oral glucose tolerance test; HbA~1c~, glycated hemoglobin; FA, fructosamine; T-C, total cholesterol; TAG, triacylglycerols; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TBARS, thiobarbituric acid-reacting substances; TAS, total antioxidant status.
